The present study was designed to determine whether the properties of local Ca 2ϩ release and its related regulatory mechanisms might provide insight into the role of sex differences in heart functions of control and streptozotocin-induced diabetic adult rats. Left ventricular developed pressure, the rates of pressure development and decay (ϮdP/dt), basal intracellular Ca 2ϩ level ([Ca 2ϩ ]i), and spatiotemporal parameters of [Ca 2ϩ ]i transients were found to be similar in male and female control rats. However, spatiotemporal parameters of Ca 2ϩ sparks in cardiomyocytes isolated from control females were significantly larger and slower than those in control males. Diabetes reduced left ventricular developed pressure to a lower extent in females than in males, and the diabetes-induced depressions in both ϩdP/dt and ϪdP/dt were less in females than in males. Diabetes elicited a smaller reduction in the amplitude of [Ca 2ϩ ]i transients in females than in males, a smaller reduction in sarcoplasmic reticulumCa 2ϩ load, and less increase in basal [Ca 2ϩ ]i. Similarly, the elementary Ca 2ϩ events and their control proteins were clearly different in both sexes, and these differences were more marked in diabetes. Diabetes-induced depression of the Ca 2ϩ spark amplitude was significantly less in females than in matched males. Levels of cardiac ryanodine receptors (RyR2) and FK506-binding protein 12.6 in control females were significantly higher than those shown in control males. Diabetes induced less RyR2 phosphorylation and FK506-binding protein 12.6 unbinding in females. Moreover, total and free sulfhydryl groups were significantly less reduced, and PKC levels were less increased, in diabetic females than in diabetic males. The present data related to local Ca 2ϩ release and its related proteins describe some of the mechanisms that may underlie sex-related differences accounting for females to have less frequent development of cardiac diseases. calcium sparks; calcium transient; ryanodine receptors; Type 1 diabetes; excitation-contraction coupling IT HAS LONG BEEN RECOGNIZED that incidence and prevalence of certain diseases vary with sex. Differences exist between women and men in the impact of risk factors, symptoms, and therapeutic responses (1). Cardiovascular diseases are the leading cause of death in adult women in developed countries (1, 12) . Results of animal studies have also revealed that there are sex differences in cardiac performance and responses to pathological conditions (3, 5, 8, 11, 22) . However, differences in age, heart size, physiological status, and other factors confound comparisons, leading to variable and conflicting conclusions (20).
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Influences of sex on intrinsic contractile performance in control and in diabetes-induced myocardial mechanical and electrical dysfunctions were studied by several authors (3, 4, 8, 21 -release channel receptor (RyR2) behavior in a cluster and of the status of RyR2 in male and female rat hearts may provide insight into the possible role of these factors in altered Ca 2ϩ signaling, as well as in the mechanisms responsible for sex differences in cardiac contractile function, particularly under pathological conditions.
Evidence from animal models, as mentioned above, strongly suggests that basic intrinsic mechanisms may play an important role in the development of sex-related cardiac dysfunction. Therefore, this study aimed to investigate two important events. First, to examine whether there are sex-related differences in cardiomyocyte [Ca 2ϩ ] i metabolism and local Ca 2ϩ release by RyR2 (Ca 2ϩ sparks) in cardiomyocytes isolated from control male and female rats. In addition, the present study was designed to determine whether there are more sex-dependent differences in the alterations in [Ca 2ϩ ] i homeostasis in cardiomyocytes isolated from diabetic animals than previously reported for male rats (32) . Our results demonstrated that the levels of FK506-binding protein 12.6 (FKBP12.6) and RyR2 in control female rat hearts are significantly higher than levels in males, whereas diabetes-induced RyR2 hyperphosphorylation is markedly less (ϳ50%) in the females than in corresponding males. In addition, a lower increase in basal [Ca 2ϩ ] i level and a lower depression in sarcoplasmic reticulum (SR)-Ca 2ϩ load in diabetic female with respect to diabetic male rats indicate that RyR2 and FKBP12.6 levels in females may have an important role in the protection of heart against pathological conditions such as diabetes mellitus. These observations are associated with a smaller decrease in free thiol protein level and a smaller increase in PKC translocation.
MATERIALS AND METHODS
Experimental model. Wistar rats (200 -250 g) of both sexes were used in this study. Diabetes was induced by a single injection of streptozotocin (STZ; 50 mg/kg body wt). One week after STZ injection, rats having at least threefold higher blood glucose level than the preinjection level were designated as the diabetic group. All rats had free access to standard rat chow and water and were kept for 5 wk.
All experiments were performed in accordance with the Guide for the Care and Use of Laboratory Animals published by the National Institutes of Health (publication 85-23, revised 1996) and were approved by Ankara University School of Medicine Institutional Animal Care and Use Committee (no. 2006/143).
Langendorff-perfused hearts. Rats were anesthetized with pentobarbital sodium (30 mg/kg body wt) before they were killed. The hearts were rapidly excised and perfused according to the Langendorff procedure. The perfusion medium, containing (in mM) 119 NaCl, 4.8 KCl, 1.0 CaCl 2, 1.2 MgSO4, 1.2 KH2PO4, 20 NaHCO3, and 10 glucose, was gassed with 95% O2-5% CO2 and maintained at pH 7.4 at 37°C. The hearts were paced at 300 beats/min (by a square wave of twice the threshold voltage for 1.5 ms) by an electrical stimulator (DCS, Harvard), and the coronary flow rate was maintained at 10 ml/min. To measure the left ventricular pressure, the left atrium was removed, and a latex balloon connected to a pressure transducer (Spectramed model P23XL) was inserted through the mitral valve into the left ventricle. The balloon was filled with water and adjusted to the left ventricular end-diastolic pressure of 20 -30 mmHg depending on the heart. Values of the left ventricular developed pressure (LVDP), rates of pressure development (ϩdP/dt), and rates of pressure decay (ϪdP/dt) were recorded on-line by a Biopac data-acquisition system (Biopac Systems, Goleta, CA). The balloon technique employed here allowed stable recording of the hemodynamic parameters over a period of more that 60 min. All hearts were stabilized for 30 -40 min by perfusion with the oxygenated medium. The time to peak (TP) of the LVDP and its half-relaxation time (DT 50) were also measured from each pressure trace.
Isolation of cardiomyocytes. Cell isolation was performed as described previously (32) . Briefly, the heart was first perfused with a Ca 2ϩ -free HEPES-buffered solution (in mM: 145 NaCl, 5 KCl, 1.2 MgSO4, 1.4 Na2HPO4, 0.4 NaH2PO4, 5 HEPES, and 10 glucose at pH 7.4, bubbled with 100% O2) for 3-5 min at 37°C. After 5 min, fresh buffer supplemented with 1 mg/ml collagenase (collagenase A; Boehringer) was recirculated (8 ml/min) for 30 -35 min. At the end of the collagenase perfusion, the ventricles were cut off and stirred to disperse the myocytes. Cardiomyocytes were then washed with the collagenase-free solution to which Ca 2ϩ was added stepwise up to 1 mM. The cells were kept suspended at 37°C in the HEPES-buffered solution that also contained 1 mM CaCl 2 (pH adjusted to 7.4 with NaOH). (32) . Briefly, a ϫ40 (numerical aperture of 1.3) oil immersion objective has been used for imaging the cardiomyocytes (Axiovert 200, LSM-Pascal, Zeiss). The 488-nm laser line from an argon laser (25 mW) was used to excite fluo 3, and the emitted fluorescence was collected with a long-pass filter set at 505 nm. The value for fluorescence intensity of the images was calculated by averaging pixels other than potential spark areas. Then, an image of change in fluorescence intensity-to-fluorescence intensity ratio was created by using this value for fluorescence intensity. Ca 2ϩ sparks were manually detected and converted to temporal lines by averaging fluorescence intensity of 2 or 3 pixels and aligning the peak of fluorescence intensity over time. The signals were filtered with a Butterworth digital filter, and the temporal profiles were fitted to gamma function to analyze TP, peak amplitude of maximum fluorescence intensity, and DT 50.
Western blot analysis. Western blotting from cardiomyocytes was performed as described previously (32) . Briefly, cardiomyocytes were homogenized in cold Tris ⅐ HCl buffer containing (in mM) 50 Tris ⅐ HCl (pH 7.4), 200 NaCl, 20 NaF, 1.0 Na 3VO4, 1 DTT, and protease inhibitors (complete tablet from Roche). The pellet was suspended with the homogenization buffer, and protein amount was measured as described previously (32) . The samples (100 g of protein) were subjected to 5% SDS-PAGE for RyR2 assay and 10% SDS-PAGE for FKBP12.6 assay and then transferred electrophoretically to nitrocellulose membrane. Immunoblotting was performed with antibodies against RyR2 and phosphorylated RyR2 (kind gift of Drs A. Marks and X. Wehrens) and FKBP12.6 (Santa Cruz). Blots were washed several times with PBS and incubated with horseradish peroxidase-labeled anti-rabbit IgG (Santa Cruz) for 1 h at room temperature. Blots were then washed with PBS and then incubated with enhanced chemiluminescence Western blotting reagent (Amersham) for 1 min and exposed to X-ray film for 45-90 s.
Determination of oxidation level of sulfhydryl groups in isolated cardiomyocytes. Oxidation levels of protein sulfhydryl (SH) groups were measured as described previously (31) . Briefly, cardiomyocytes were first washed with a HEPES-buffered solution containing (in mM) 123 NaCl, 5.4 KCl, 1.7 MgCl2, 1.8 CaCl2, 10 HEPES, and 10 glucose (pH 7.4) and then used for estimation of total and free SH groups. These estimations were done with Ellman's reagent. For the determination of total SH groups, 0.05-ml aliquots of cell lysates were mixed with 0.8 ml of distilled water and 0.1 ml of 2 mM DTNB, with 20 min allowed for color development. Absorbance of the supernatants was read at 412 nm. To determine the free SH groups, 0.7-ml aliquots of cell lysates were mixed with 0.35 ml of 20% TCA and then centrifuged at 13,000 g for 10 min. Precipitates were further washed with 0.2 ml of 20% TCA, and the supernatants were adjusted to pH 8.0 with NaOH. The SH content of the supernatants was measured as described for total SH measurements.
Chemicals and statistical evaluation of data. All chemicals were purchased from Sigma-Aldrich (Steinheim, Germany) except for col-lagenase A (Boehringer Manheim, Roche Diagnostics, Manheim, Germany) and fura 2-AM and fluo 3 (Molecular Probes, Eugene, OR).
Between-group differences were tested and compared by two-way ANOVA followed by the Bonferroni multiple-comparison posttest and Student's t-test where stated. P values Ͻ0.05 were considered significant. Data are presented as averages Ϯ SE.
RESULTS
General characteristics of the rats. The ratios of heart weight to body weight were similar in females and males from both control and diabetic groups (data not shown). Diabetic rats stopped gaining weight, whereas control rats gained weight within the 5-wk experimental period (Fig. 1 ). Blood glucose levels were significantly higher in the diabetic compared with the control group. There were no significant differences in either body weight changes or blood glucose level changes in rats of both sexes from both groups. In both groups, there were no significant sex-related differences in either body weight or blood glucose level changes.
Because there are two factors (sex and diabetes), a two-way ANOVA was used, revealing no interaction between these two measured parameters.
Mechanical activity of the isolated heart. Mean values of LVDP and left ventricular end-diastolic pressure and the rates of pressure development and decay (ϮdP/dt), as well as TP of the LVDP and DT 50 , were not significantly different in female and male animals of the control group (Fig. 2) . Diabetesinduced percent decrease in LVDP of females (37% compared with control) was significantly less than in the diabetic males (52% compared with control). Diabetes also caused significant prolongations in TP and DT 50 of LVDP in both female and male rat hearts with respect to the controls without significant sex dependency (Fig. 2B) . The diabetes-induced depressions in both ϩdP/dt and ϪdP/dt were significantly less pronounced in females (49% compared with control) than in males (69% compared with control) (Fig. 2C) .
[ (Fig. 3) . Neither the steady-state inactivation nor the steady-state activation was significantly different between sexes in control and diabetic groups.
The [Ca 2ϩ ] i transients recorded in both male and female diabetic animals were significantly smaller in amplitude and decayed more slowly with respect to the corresponding controls (Fig. 3) . Moreover, the diabetes-induced percent reductions in the maximum amplitude of [Ca 2ϩ ] i transients ⌬F 340/380 (⌬F 340/380 ϭ F 340/380 peak Ϫ F 340/380 basal) at 0 mV were significantly different in females than in males, demonstrating less effect of diabetes on female myocyte [Ca 2ϩ ] i transients (Fig. 3C) . The DT 50 was significantly higher in diabetic than in control animals; however, the diabetes-induced increase in DT 50 was not significantly different in males and females (28% and 30%, respectively). The TP was significantly larger in diabetic than in control animals, also with no sex difference. Thus hearts from diabetic animals demonstrated statistically less significant decrease in [Ca 2ϩ ] i transients and depressed contractile properties in females than in males with no significant change in kinetics.
To ] i transients were significantly larger in diabetic females and males than in their matching controls, with ϳ10% more responses in both control and diabetic females (Fig. 4A) . Basal [Ca 2ϩ ] i levels, similar in control of both sexes, were significantly increased under diabetes and significantly less in cardiomyocytes of female than in cardiomyocytes of male animals (Fig. 4B) .
Differences in local Ca 2ϩ release support sex-dependent effects of diabetes in heart function. To get further insight on possible sex effect on Ca 2ϩ handling, we recorded Ca 2ϩ sparks in male and female cardiomyocytes from control and diabetic animals. Figure 5A shows examples of line-scan images recorded in the four groups. In control groups, values for peak amplitudes of maximum fluorescence intensity (0.58 Ϯ 0.02 (Fig. 5B) . The frequency and width at half-maximal amplitude of Ca 2ϩ sparks were not sex dependent (Fig. 5, C and D) .
Diabetes significantly depressed the amplitude of Ca 2ϩ sparks in females (33% compared with control), whereas the effect was less pronounced in males (8% compared with control) (Fig. 5B) (28, 32) . Therefore, we evaluated the phosphorylation level of RyR2 in cardiomyocytes from control and diabetic rats of both sexes using specific antibodies directed against RyR2 and its phosphorylated form. In control animals, total RyR2 was significantly higher in females than in males as estimated from the Western blot bands (Fig. 6, top) . In both sexes, diabetes depressed total RyR2. This effect was less marked in females than in males. In our previous study (32) , our group had shown that RyR2 were hyperphosphorylated in diabetic male heart tissue from left ventricle compared with that shown in control. In this study, similar measurements on cardiomyocytes isolated from left ventricles of both males and females demonstrated marked hyperphosphorylation of RyR2 in diabetic cardiomyocytes without significant phosphorylation in cardiomyocytes in control groups of both sexes. The phosphorylation level of RyR2 in diabetic females was almost half that shown in diabetic males (Fig. 6, middle) . Correspondingly, the control amounts of FKBP12.6, higher in females than in males, decreased significantly in both diabetic females and males, but the decrease was significantly less in females (Fig.  6, bottom) .
Sex differences in diabetes-induced oxidative stress and PKC content. It is well known that metabolic shifts brought about by diabetes increased the production of reactive oxygen species (ROS). In a previous study, our group, like others, showed that oxidative stress is involved in the etiology of diabetes-induced downregulation of transient outward K ϩ currents (22, 24) . Moreover, in diabetic rats, Shimoni and Liu (24) reported the role of sex in the modulation of K ϩ currents. In this regard, we aimed to test whether different levels of intracellular oxidants could contribute to the sex-related differences in cardiac function under control and diabetic conditions. Total and free SH levels measured in isolated cardiomyocytes of diabetic rats were significantly less than levels in controls, with less reduction in females (27%) than in males (45%) ( Table 1 ). In addition, in the control groups, free SH levels in females were slightly, although significantly, higher than levels in males. The present data suggest that sex-dependent differences in diabetes-induced electrophysiological changes of the hearts could in part be due to sex-dependent generation of oxidative stress in diabetes.
Increased PKC activity has an important role in the pathogenesis of the heart complications in diabetes. To determine the sex dependence of these effects, we estimated total PKC protein content in the cytosolic and membrane fractions of cardiomyocytes isolated from males and females of both control and diabetic rats. The ratio of total PKC in the membrane to that in the cytosolic fraction increased significantly in both male and female diabetic hearts; however, this increase was 22% less in females than in males (Table 1) .
DISCUSSION
The present investigation demonstrates sex-dependent differences in the diabetes-induced cardiac dysfunction and emphasizes some underlying mechanisms. At first, the defective intracellular Ca 2ϩ signaling with depressed amplitude and reduced kinetics of the Ca 2ϩ transients and the decreased SR-Ca 2ϩ loads in cardiomyocytes reported in STZ-induced diabetic male rats (32) were also observed in females. These defects, in both males and females, are attributable to an anomalous RyR2 behavior suggested by the spatiotemporal properties of the Ca 2ϩ sparks that especially exhibited depressed amplitude and slowed down kinetics. In particular, the present data show, for the first time, that there are sexdependent differences in the characteristics of local Ca 2ϩ sparks and related proteins such as RyR2 and FKBP12.6 in ventricular cardiomyocytes from sexually mature normal rats. Our data also demonstrated that the levels of protein thiol oxidation and hyperphosphorylation of RyR2, as well as upregulation of PKC, are significantly smaller in cardiomyocytes from diabetic female than in cardiomyocytes from diabetic male animals. Altogether, these findings bring novel information that can account for a lower risk in female rats with respect to male rats.
Reports on sex difference in both electrical and mechanical cardiac activities in control conditions are contradictory (3, 4, 29) . Taken as a whole, the main differences observed between sexes are rather subtle but suggest a tendency for greater Ca 2ϩ fluxes in females; they may also arise from either animal and sample differences or experimental protocols (7, 8, 29, 30) . In female rats, we observed a weak enhanced contractile activity that could be, in most part, accounted for by changes in intracellular Ca 2ϩ movements; namely, the time course of decay of the [Ca 2ϩ ] i transient was significantly slower in females than in males (8) . Under our experimental conditions, there was no significant difference in I Ca amplitude in contrast to the reports of Vizgirda et al. (27) in Sprague-Dawley rats and of Xiao et al. (29) , which, in dog heart, demonstrated significant sex-and region-based differences in the electrophysiological activities. Ca 2ϩ responses to caffeine application were not significantly different in rats of both sexes, indicating a similar Ca 2ϩ load. However, despite similar amplitudes of the Ca 2ϩ transient in both sexes (8) , Ca 2ϩ spark characteristics, except spark frequency and spatial spread of the sparks, were significantly larger in females than in males. This was associated with a larger content in both RyR2 and FKBP12.6 proteins. The present data are in line with the study of Chu et al. (7) that showed higher RyR2 protein and mRNA levels as well as higher Na ϩ /Ca 2ϩ exchanger levels in females than matched males. Furthermore, we observed slight but significantly larger total and free SH levels in females.
Recently, our group (31) reported that both PKA and PKC could play important roles in the diabetes-induced alterations in the kinetic parameters of Ca 2ϩ transients, Ca 2ϩ loading of SR, basal Ca 2ϩ level, and spatiotemporal properties of the Ca 2ϩ sparks. Our group (31) also showed increased PKC and oxidized protein SH levels in cardiomyocytes from diabetic male rats. The present results on females extend the latter findings and are in line with the earlier findings suggesting sex differences in either generation of ROS (2, 13) or in the response to oxidative stress (11, 23) . Furthermore, diabetesinduced alterations of free SH levels in heart have also been reported (19) . In that earlier study, it was shown that ATPase activities of myofibrils and myofibrillar SH reactivity to DTNB of isolated cardiomyocytes from diabetic male rat hearts were depressed. Our data demonstrated greater free SH levels in females from the control group (P Ͻ 0.05) compared with the counterpart males. This corresponds to a lower oxidation capacity in diabetic female than in male animals. Therefore, the novel aspect of the present study lies in the finding that the induction of a specific cardiac pathology such as diabetes in female animals leads to a greater Ca 2ϩ flux via RyR2, a less hyperphosphorylation level of RyR2, and a lower level of oxidative stress than in diabetic males. Consequently, there are functional sex differences, observed as differential levels of RyR2, FKBP12.6, and total and free SH levels under both control and pathological conditions.
Depressions in contraction and relaxation of cardiomyocytes from animals with diabetes occur in parallel with reduced rates of rise and decline of [Ca 2ϩ ] i transients elicited by electrical stimulation. Our group (32) recently demonstrated that Ca 2ϩ sparks in cardiomyocytes from diabetic rats are slower and have higher frequency with respect to the controls, consistent with alterations in Ca 2ϩ handling and cardiac dysfunction. The changes in RyR2 opening kinetics could be related to hyperphosphorylation of RyR2 and subsequent FKBP12.6 release (32). However, a less severe depression of cardiac function is observed in diabetic female rats than in their male counterparts (3, 4) . To account for these sex differences in contractile (RyR2809P; B) , and FK506-binding protein 12.6 (FKBP12.6; C) protein levels in control and diabetic male and female rat cardiomyocytes. Cardiomyocytes were isolated from 4 or 5 animals and were used with double assays in each sample for measurement. AU, arbitrary unit. In Bonferroni multiple comparison test, *P Ͻ 0.05 males vs. females and †P Ͻ 0.001 diabetics vs. corresponding controls; no significant interaction was found. Student's t-test in B was *P Ͻ 0.001. Values are means Ϯ SE. SH, sulfhydryl. Cardiomyocytes were isolated from 6 -8 male and female rats from control and diabetic groups. PKC ratio represents the ratio of total PKC content in the membrane fraction to cytosolic fraction. In Bonferroni multiple comparison test, *P Ͻ 0.05 males vs. females and †P Ͻ 0.05 diabetic group vs. corresponding control group; no significant interaction was found. activity and Ca 2ϩ homeostasis, a recent study emphasized a lower expression of myosin heavy chain-␤ and a less phosphorylated phospholamban in female than in male diabetic rat hearts (33) . In the present work, we show that most diabetesinduced alterations are indeed lower in females. Thus the diabetes-induced decrease in LVDP and the depressions in ϮdP/dt were significantly less in females than in males. Despite no significant changes in I Ca during diabetes in both sexes, the Ca 2ϩ transient was less reduced in diabetic females. This effect was associated with less marked reductions in both RyR2 and FKBP12.6 protein contents and with less RyR2 hyperphosphorylation. These observations, together with the slightly lower Ca 2ϩ spark frequency, could also account for a lower basal [Ca 2ϩ ] i and a slightly higher SR-Ca 2ϩ load in control female rats.
It is noteworthy that diabetes-induced Ca 2ϩ signaling alterations in male rats were shown to be related to the angiotensin activation pathway. Furthermore, AT 1 -receptor stimulation induces the generation of ROS, which can have detrimental effects on heart function (9, 15, 17) . Recent published data support this idea (14, 18) , which implies a role of ROS in the amplification of PKC signaling in high-glucose-induced cell dysfunction. With these findings in mind, it can be suggested that PKC can play important roles in the alterations of both local and global Ca 2ϩ releases in cardiomyocytes from diabetic rat hearts. In addition, in a recent work, we had shown that diabetes-induced Ca 2ϩ signaling alterations in male rats are, in part, antagonized by the AT 1 -receptor inhibitor candesartan that also reduced the diabetes-induced increase in PKC activity and oxidized thiol protein level (31) . In the present study, we demonstrated that the changes in these two factors are smaller in females than in males, supporting their major involvement in the modulation of Ca 2ϩ signaling. Besides, ryanodine receptors are known to be phosphorylable by PKC (26) , but the physiological consequences have not yet been clarified.
That thiol oxidation was less in diabetic cardiomyocytes of female animals vs. that shown in males has already been proposed by Shimoni and Liu (22) to account for lesser variations in K ϩ currents. These authors reported that the activation of autocrine/paracrine mechanisms is absent or less pronounced in cardiac cells from Type 1 diabetic females due to a protective action of estrogen (22, 24) . Some of the cytoprotective effects of estrogen are related to its antioxidative properties (6, 25) . Shimoni and Liu (24) recently demonstrated that induction of a specific cardiac pathology, such as diabetes, leads in females to a lower level of oxidative stress expressed as lower superoxide ion generation. Furthermore, Xin et al. (30) demonstrated that FKBP12.6 knockout male and female mice display similar increased probability of prolongation of channel opening, despite disruption of the FKBP12.6 gene, and results in myocardial hypertrophy only in male but not in female mice. They concluded that FKBP12.6 modulates excitation-contraction coupling and that estrogen, having an effect on FKBP12.6, plays a protective role in the response of the heart to the Ca 2ϩ dysregulation under any pathological condition.
Although the benefit and risk of estrogen replacement therapy for cardiovascular disease remains controversial, 17␤-estradiol treatment of isolated ventricular cardiomyocytes from adult rats induced a direct cardiac stimulatory action on cardiac mechanical function, likely mediated through enhanced intracellular Ca 2ϩ release (10) . Interestingly, supporting the above data, it has been shown that 17␤-estradiol prevents oxidative stress in ovariectomized rats and has an important role in modulation of antioxidant enzyme expression and function (11, 25) . Although we do not have direct data with 17␤-estradiol in the present study, our results link these sex differences to the different levels of Ca 2ϩ flux via RyR2, different protein levels of RyR2 and FKBP12.6, and total and free SH levels in the female compared with the male animals. Consequently, diabetes-induced cardiac dysfunction in females is significantly reduced compared with the matched-males due, at least in part, to lower levels of both RyR2 phosphorylation and oxidative stress.
In summary, by being less susceptible to Ca 2ϩ overload, female rats have an "advantage" over the males. The present data indicate that this is in part related to different protein levels and/or functioning of the Ca 2ϩ -handling systems, as well as different soluble SH levels under control conditions, with an higher estrogen level in female rats. These sexdependent differences are much more marked in diabetic animals.
